Abstract -In this paper, performance investigations have been carried out for Equal Gain combining (EGC) multichannel wireless receiver over generalized flat-fading channels. The Generic Gamma fading model has been used here which is versatile enough to represent most of the short term fading conditions as well as long term Shadowing. The Average Bit Error Rate has been evaluated for M-ary QAM and M-ary PSK modulation formats. With the aid of Moment based approach, computationally efficient rational expressions have been derived. Using these novel expressions, the performance of multichannel wireless receiver with EGC and without diversity combining has been evaluated in variety of generalized flat-fading conditions. The results have been validated through simulations which shows perfect match.
I. INTRODUCTION
Wireless systems suffer from detrimental effects introduced by short term fading and long term shadowing. Considerable efforts have been devoted to statistically model these effects. Various multipath fading models have been used in the literature considering different radio propagation environments and underlying communication scenarios [1] . With the ever-increasing demand of ubiquitous access of personal communication services, wireless systems are required to operate in increasingly hostile environments. Wireless system designers have augmented interest in accurate and flexible models for characterizing the fading channels in order to adequately predict the performance of wireless systems. Fading has long been modeled using Rayleigh and Rician models, but they lack flexibility to fit in these new increasingly diverse fading scenarios. Nakagami-m and Weibull distributions based on single fading parameter are widely accepted because they provide better fit with experimental results. These models cover a range of fading scenarios that include Rayleigh distributions as special case and closely approximate the Rician and Hoyt distributions. More importantly, situations are encountered for which none of these distributions seem to adequately fit experimental data, though one or another may yield a moderate fitting [1] .This may be attributed to the fact that the well-known fading distributions are derived assuming homogeneous diffuse scattering field, resulting from randomly distributed point scatterers [2] . The assumption of homogeneous diffuse scattering field is definitely an approximation because the surfaces are spatially correlated, characterizing a heterogeneous environment [3] . More recently, a versatile wireless channel model based on two-parameter Generalized-Gamma distribution has gained renewed interest that can generalize almost all commonly used models for multipath fading [4] . This model includes short term fading models such as Nakagami-m, Weibull as special cases and long term shadowing model as the limiting case. Therefore, Rayleigh, Rician and one sided Gaussian also become special cases indirectly. Moreover, the performance analysis of wireless systems using this flexible small scale fading model is valuable because the literature on performance analysis is relatively sparse in this case. Recently, average bit error rate (ABER) closed form expressions for binary phase shift keying and binary frequency shift keying modulations in terms of MeijerG and Fox's-H special functions were presented in [5] . The Generic-Gamma model has also been used recently in [6] for single channel receivers analysis and generalized switched diversity combining system in [7] . However, the detailed and unified performance analysis for the Multilevel digital modulations with EGC wireless receivers operating over Generic-Gamma fading is not available in the open literature and thus is the topic of our contribution. In this paper, Padé method has been used to obtain computationally efficient rational expressions for the moment generating function (MGF). Using these novel expressions, ABER of important multilevel digital modulation schemes with and without EGC diversity combining has been evaluated. Computer simulations are also generated for the result verifications.
The rest of the paper is organized as follows. In the next section, Multichannel Fading model has been presented. Section III details the performance analysis of the system in terms of moments of output SNR, EGC diversity receiver, and error rate. Moments based rational expressions have also been derived in this section. The numerical and simulation results have been illustrated in Section IV, before the paper is finally concluded in Section V.
II. MULTICHANNEL FADING MODEL
All transmitted and received signals are real while wireless channel models generally assumed to have complex form [2] . Thus, the transmitted and received signals are represented as complex baseband representation of bandpass signals to facilitate analysis.
Given   ut the complex envelope of the transmitted signal, the complex envelope   vtof the received signal through a linear time-invariant channel can be obtained. With frequency flat-fading assumption where delay spread is small compared to the duration of a transmitted symbol, received signal will be given by       v t u t h t  .
Here   ht is the complex low pass channel impulse response for the generalized fading channel. The magnitude of the complex fading envelope through channel can be modeled as wide sense stationary random
and all frequency components of the received signal will be subjected to same channel gain. The transmitted signal can be assumed to be received through spatial diversity as multiple copies through diverse multilink L independent fading channels as shown in Figure 1 . Because of the flat-fading and stationary environment assumption, each channel amplitude and phase at any given time or space are represented as random variables l x and l  , respectively. It is also assumed that the channel amplitude, phase and delay associated with each channel are constant over the signaling interval. Thus, the received signal at the th l branch can be written as
where   l st is the delayed transmitted signal, and l  is the channel delay and l n is AWGN with power spectral density 2 l N per dimension. It is assumed that the phase shift introduced by the channel is perfectly tracked at the receiver. Moreover, analysis of systems employing coherent modulations assume that the phase effects due to fading are perfectly corrected at the receiver. While, for non-coherent modulations, phase information is not needed and therefore the phase variation due to fading does not affect the performance in this case. Hence, performance analyses over fading channels require the knowledge of only the fading envelope amplitude PDFs are dependent on the variety of wireless channel scenarios. These Generalized fading channels have been modeled here by Generic-Gamma distribution, which can generalize almost all commonly used models for multipath fading [4] . The PDF of the Generic-Gamma RV is given by
where v > 0 and m > 0 are fading parameters, l  is the scaling parameter and   .  is the Gamma function. The fact that this distribution has one more parameter than the well-known distributions renders it more flexible to better adjust with empirical data. Moreover, this model is based on more realistic heterogeneous scattering environment. For wireless systems, generic gamma model provides a simple way to model all forms of channel fading conditions including shadowing. By varying the two parameters v and m, different fading and shadowing conditions can be described. For instance, v = 1, (2) represent Nakagami-m fading; m = 1, (2) represent Weibull fading; m = v = 1, (2) represent Rayleigh fading. The lognormal distribution used to model shadowing can also be well approximated for limiting case for m and v 0  .
III. PERFORMANCE ANALYSIS
It is well known that the performance of wireless communication system, in terms of ABER will depend on the statistics of the output SNR. The received instantaneous signal power in the th l channel is affected by two random processes additive white Gaussian noise (AWGN) and fading power 2 l x . The AWGN is assumed to be statistically independent from the channel fading or complex fading envelope, i.e. 
Moreover, the AWGN is assumed to be uncorrelated between different branches, i.e., 
A. Moments of output SNR
The computation of statistical moments of output SNR is required in this analysis. Using (2) , and the random variable transformation given in [11] as
   , the PDF of instantaneous output SNR through th l branch can be obtained as
To find th n order moment using (3), an integral of the form I , given below 
Using the instantaneous SNR in each of the L branches (5) can be rewritten as
Using the th n order moment of the EGC output SNR is given as
Expanding the term   
For statistically independent branches the term 
Thus, the statistical moment of EGC receiver as derived in (10) is dependent only on the statistical moments of the output SNR n l E    per branch through the generic gamma faded paths.
C. Average Error Rate Analysis
The statistical moments based error rate analysis has been carried out here for generalized fading channels as described in [6] . 
The above closed form expression corroborate exactly with the expression of MGF of output SNR given in [11] for Rayleigh fading channel. Further, in the case of (m = 5, v = 1) Hankel matrix is rank deficient except for D = 5 and the RAF found in this case is given by (12 (10) and Padé approach described in [6] as 
The ABER for square constellation MQAM can be given as
The conditional BER for MPSK suitable for both low and high SNR is given in [12] as -m fading) ; m = 10, v = 0.5 (lognormal shadowing). It can be seen from nearly linear ABER curves contrary to that of exponential decay found in non-fading channels, severe penalty in terms SNR has to be paid due to small scale fading. A simple increase in transmitted signal power to combat this loss may not be practically feasible in many cases due to power constraints. Thus, dual EGC as alternative power efficient diversity technique has been tried here to assess the performance gain. The generic forms of ABER expressions for EGC are evaluated numerically. Computer simulations of ABER with dual EGC for the representative channel fading conditions have been obtained from a sample set of 10,000 values for each SNR. The comparison of these results with no diversity system has also been made in terms of diversity gains at different target ABER values as tabulated in Table I . The ABER results of 16-QAM and 16-PSK with dual EGC used in this diversity gain comparison are depicted in Figure 3 The comparison of no diversity systems and dual EGC system ABER curves show that the diversity gain is more in case of severe fading (m = v = 1 with AoF=1) as compared to the case of less severe fading (m = 5, v = 1 with AoF = 0.2). For example, in the case of 16QAM the diversity gain due to dual EGC at target ABER of 10 -3 , the diversity gain is 9.7dB for severe fading channel that reduces to only 3.2dB for less severe fading conditions. This further verifies that the degradation in performance due to severe fading can be compensated more effectively by using diversity techniques. Moreover, the Fox's H special function can't be evaluated using these software packages. Hence, the moments based Padé approach used here not only leads to exact expressions for the special cases but also provide with simple-to-evaluate expressions that resulted in unified performance analysis over generalized flat-fading channels with and without diversity combining. Note that if the accuracy is not satisfactory for some cases, it is always possible to choose a higher value of A to enhance accuracy as long as the Hankel matrix is not rank deficient.
V. CONCLUSIONS
The performance analysis of generalized fading channels with and without diversity combining has been done. The novel Generic-Gamma model used here embodies almost all forms of multipath fading and shadowing. The ABER performance of multilevel digital modulations in variety of fading channel conditions with EGC diversity combining has been investigated. Using moment based Padé method; simple-to-evaluate rational expressions for the MGF have been derived. Numerical and simulation results are presented using Matlab TM to complement the theoretical content of the paper. The results obtained from numerical evaluation of rational expressions and computer simulations shows perfect match. The existence of two fading parameters m and v make it possible to describe different levels of fading individually or collectively. Thus, the Generic-Gamma model and unified analyses presented here provide a significant enhancement in the ability to evaluate the multi-channel wireless system performance over all existing models, including the Rayleigh, Nakagami-m, Weibull and lognormal. 
